120               EFFECTS OF EXPOSURE TO LOW LEVELS OF IONIZING RADIATION

about equal to the rate of rearrangements alone, which was noted above
to be at least two- to fourfold greater than the rate of induction of stem
cells. While the chromosomally unbalanced gametes that would result from
these other aberrations would be eliminated early in fetal life and would
not contribute to the transmissible genetic burden, they would increase the
frequency of reproductive failures early in gestation.

Finally, chromosome inversions have been induced experimentally in
mice and have been characterized in order to be used in other studies. The
rate of induction by radiation is not clear, but it probably does not exceed
4 x 10~5/gamete/rad for cells exposed at postmeiotic stages (Ro71).

Complex Traits

Complex traits are difficult to study in the laboratory, and therefore
mutation rates or comparable coefficients of induced risk have not been
available for use in genetic risk assessments. Nevertheless, the data from
animal studies on complex traits carried out over the past decade have
achieved some modest success, and the summary of information in this
category will be presented in terms of two classes of traits. The first
class includes traits that have provided some opportunity for rate analysis,
and the second includes traits for which evidence exists of a response to
increased mutation pressure, but not of sufficient quality or repeatability to
yield a risk coefficient.

Traits with Quantifiable Rates of Induction

Congenital Abnormalities

The frequency of congenital malformations, including small stature or
reduced growth rate, in the first-generation progeny of x-irradiated male
and female mice has been evaluated in late gestation (No82, Ki82, Ki84,
Ru86). Irradiated oocytes yield consistent dose-response data between
100 and 500 rad. The rate is 1 x 10~4 to 2 x 10-4/gamete/rad, but
it is slightly lower among progeny conceived hi the first postirradiation
week. For male mice, the average response to doses between 100 and 500
rad is 4 x 10~5/gamete/rad for the postmeiotic cell stages of sperm and
spermatids, while irradiated spermatogonia yielded a value of 2 x 10~5
to 3 x 10-5/gamete/rad (Ki84). Initially, Nomura (No82) did not see a
significant response for the exposed male parent, but recent data (No88)
suggest a rate of about 6 x 10~5/gamete/rad for spermatogonia. Rutledge
et al. (Ru86) observed a yield of 0.5 x 10~5 to 2 x 10-5/gamete/rad for
spermatogonia exposed to 2,000 rads given in four increments of 500 rad
each separated by 4-week intervals.